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UHVSRQVLEOH IRU WKHVXVFHSWLELOLW\ WR ORFDOL]HGFRUURVLRQ7KHVHSDUWLFOHV DUH JHQHUDOO\ WKHFDXVHRI LQLWLDWLRQ
VLWHV3UHVHQFHRIPLFURGHIHFWVLQWKHR[LGHILOPXSRQFRDUVHLQWHUPHWDOOLFSDUWLFOHVDQGWKHJDOYDQLFFRXSOLQJZLWK
WKH PDWUL[ FRQWULEXWH WR WKH GHYHORSPHQW RI SLWWLQJ FRUURVLRQ 7KH RYHUDJHLQJ WUHDWPHQW 7 LV VXSSRVHG WR
VWDELOL]H WKH PLFURVWUXFWXUH DQG WKH PHFKDQLFDO SURSHUWLHV WR LPSURYH WKH FRUURVLRQ UHVLVWDQFH 7KH  DOOR\
PLFURVWUXFWXUHDIWHUWKH7KHDWWUHDWPHQWUHPDLQVYHU\FRPSOH[
 7KH  DOOR\ FRUURVLRQ EHKDYLRU ZDV VWXGLHG LQ WKH RYHUDJHLQJ VWDWH IRU WKUHH GLIIHUHQW WHPSHUDWXUHV
  DQG  & 'XULQJ WKH FRUURVLRQ WHVWV LQ FKORULGHFRQWDLQLQJ HQYLURQPHQW WKH EHKDYLRU RI FRDUVH
LQWHUPHWDOOLFSDUWLFOHVZDVIRXQGWREHGLIIHUHQW7KXVWKHVDPSOHV VXIIHUVDJUDGXDODWWDFNXSRQ6$O&X0JSDUWLFOHV DQG ILQDOO\ $O&X0Q)H SDUWLFOHV 7KH FRUURVLRQ GDPDJH ZDV VWXGLHG E\ $WRPLF )RUFH 0LFURVFRS\
$)0DQG.HOYLQSUREH)RUFH0LFURVFRS\.)07KLVWHFKQLTXHDOORZVVLPXOWDQHRXVWRSRJUDSKLFDODQGHOHFWULF
SRWHQWLDOPDSSLQJWREHREWDLQHG7KLVODWHVWSRWHQWLDOZDVVKRZQWREHFRUUHODWHGWRWKHFRUURVLRQSRWHQWLDORIWKH












RSWLPDO PHFKDQLFDO SURSHUWLHV IRU XVH LQ DLUFUDIW DSSOLFDWLRQV 8QIRUWXQDWHO\ WKLV DOOR\ LV H[WUHPHO\
VXVFHSWLEOH WR ORFDOL]HG FRUURVLRQ LQ VRGLXP FKORULGH HQYLURQPHQWV VXFK DV SLWWLQJ FRUURVLRQ
LQWHUJUDQXODU FRUURVLRQ VWUHVV FRUURVLRQ FUDFNLQJ >@7KH LQWHUPHWDOOLF SDUWLFOHV DUH UHVSRQVLEOH IRU
WKH VXVFHSWLELOLW\ WR ORFDOL]HG FRUURVLRQ RI WKH [[[ VHULH DOOR\V 7KHVH LQWHUPHWDOOLF SDUWLFOHV DUH





IRUFH PLFURVFRS\ ZHUH GHYHORSHG 7KH FRPELQDWLRQ RI DWRPLF IRUFH PLFURVFRS\ $)0 ZLWK .HOYLQ
SUREHIRUFHPLFURVFRS\.)0DOORZVVLPXOWDQHRXVWRSRJUDSKLFDODQDO\VLVDQGSRWHQWLDOPDSSLQJ7KLV




SRWHQWLDO RI FRDUVH LQWHUPHWDOOLF SDUWLFOHV 7KXVPRUH WKDQ  LQWHUPHWDOOLF SDUWLFOHV RI WKH RYHUDJHG
DOXPLQXPDOOR\EHIRUHDQGDIWHU LPPHUVLRQ LQFKORULGHFRQWDLQLQJVXOIDWHVROXWLRQVZHUHVWXGLHG
7KHYDULDWLRQRI WKHFKHPLFDOFRPSRVLWLRQZDVIROORZHGE\VFDQQLQJHOHFWURQPLFURVFRSHREVHUYDWLRQV














$O &X 0J 0Q )H =Q 6L 7L &U
ZW EDVH        

7KH DJHLQJ VWDWH FRUUHVSRQGV WR D VROXWLRQ WUHDWHG DW &  & IRU  KRXU ZDWHU TXHQFKLQJ DQG
LPPHGLDWHO\DJHGDWWKUHHGLIIHUHQWWHPSHUDWXUHVDQG&7KHWUHDWPHQWGXUDWLRQIRUHDFK
WHPSHUDWXUH ZDV GHILQHG DIWHU WKH 9LFNHUV KDUGQHVV PHDVXUHPHQW ,Q WDEOH  DUH SUHVHQWHG WKH KHDW
WUHDWPHQWSHUIRUPHGRQWKHVDPSOHVDQGWKHPHWDOOXUJLFDOVWDWHV
$OO VSHFLPHQV ZHUH SROLVKHG SULRU WR FRUURVLRQ WHVW 7KH VDPSOHV ൈൈ PP ZHUH PHFKDQLFDO

























3ROLVKHGVSHFLPHQVZHUH LPPHUVHGDWRSHQFLUFXLWSRWHQWLDO LQD 01D62 VROXWLRQZLWK01D&ODWURRPWHPSHUDWXUH7KHHOHFWURO\WHIRUDOOWHVWVZHUHSUHSDUHGZLWK5HFWDSXUFKHPLFDOVGLVVROYHG
LQGHLRQL]HGZDWHU7KH WHPSHUDWXUHRI WKHHOHFWURO\WHZDVFRQWUROOHGDQGPDLQWDLQHGDW&E\XVLQJ
WKHUPRVWDW 7KH VDPSOHV VXUIDFH ZDV DOZD\V SUHSDUHG MXVW EHIRUH FRUURVLRQ H[SRVXUH WR SUHYHQW WKH
DSSHDUDQFH RI WKH R[LGH OD\HU DQG WR SURYLGH UHSURGXFLEOH UHVXOWV %HIRUH DQ\ GU\LQJ WKH FRUURGHG
VDPSOHVZHUHXOWUDVRQLFDOO\FOHDQHGLQZDWHUWRGLVVROYHWKHFRUURVLRQSURGXFWV)LQDOO\WKHVDPSOHVZHUH
XOWUDVRQLFDOO\FOHDQHGLQHWKDQRODQGDLUGULHG
7KHFKORULGHFRQWDLQLQJ VXOIDWH HQYLURQPHQWZDV FKRVHQ WRSURWHFW WKHPDWUL[ DJDLQVWSLWWLQJ FRUURVLRQ
DQGWRORFDWHWKHFRUURVLRQSKHQRPHQDRQFRRSHUULFKSDUWLFOHV$O&X0J
$)0.)0REVHUYDWLRQV
7KH$)0.)0PHDVXUHPHQWVZHUH SHUIRUPHG RQ D'LJLWDO ,QVWUXPHQW1DQRVFRS ,,,0XOWLPRGH 7KH
.)0SRWHQWLDOZLWKUHVSHFWWRWKHDOXPLQXPPDWUL[ZDVLQYHVWLJDWH$OOPHDVXUHPHQWVZHUHFDUULHGRXW
LQDLUDWDPELHQWWHPSHUDWXUHZLWKDOLIWKHLJKWRIQPDQGDODWHUDOUHVROXWLRQEHWWHUWKDQQP








$QDO\VHV DQG REVHUYDWLRQV RI WKH PLFURVWUXFWXUH ZLWK DQ RSWLFDO PLFURVFRSH DQG D VFDQQLQJ HOHFWURQ
PLFURVFRSHVKRZHGWKHSUHVHQFHRIFRDUVHLQWHUPHWDOOLFSDUWLFOHVVXFKDV$O&X0JDQG$O&X0Q)H
$IWHU FRUURVLRQ H[SRVXUH VSHFLPHQV ZHUH ILUVWO\ H[DPLQHG E\ RSWLFDO PLFURVFRS\ LQ RUGHU WR REWDLQ
LQIRUPDWLRQFRQFHUQLQJWKHGLVWULEXWLRQDQGQXPEHURILQWHUPHWDOOLFSDUWLFOHVFRUURGHG6FDQQLQJHOHFWURQ
PLFURVFRS\ 6(0REVHUYDWLRQVZHUH SHUIRUPHG LQ RUGHU WR VWXG\ WKH EHKDYLRU RI FRDUVH LQWHUPHWDOOLF








$V LW LV NQRZQ WZR W\SHV RI FRDUVH LQWHUPHWDOOLF SDUWLFOHV FDQ EH IRXQG LQ WKH  DOXPLQXP DOOR\
$O&X0JSDUWLFOHVDQG$O&X0J)HSDUWLFOHV,QWKLVVWXG\WKHFRUURVLRQEHKDYLRUZDVLQYHVWLJDWHGE\FRPSDULQJ WKH UDWH RI FRUURGHG SDUWLFOHV LQ WKH SHDNDJHG DQ RYHUDJHG VWDWH IRU WKH WKUHH DJHG
WHPSHUDWXUHVDQG&
%HIRUHFRUURVLRQH[SHULPHQWVDQDUHDRIPPZDVGHOLPLWDWHGE\PLFURVFUDWFK$ERXW$O&X0J
SDUWLFOHV DQG  $O&X0Q)H SDUWLFOHV ZHUH ORFDWHG E\ RSWLFDO PLFURVFRS\ IRU $)0.)0
PHDVXUHPHQWV






(QHUJ\GLVSHUVLYH VSHFWURPHWU\ ('6 DQDO\VLV DOORZHG WZR W\SHV RI LQWHUPHWDOOLF SDUWLFOHV WR EH
LGHQWLILHGWKHSDUWLFOHVDQGFRUUHVSRQGWR$O&X0Q)HSDUWLFOHVDQGWKHSDUWLFOHVFRUUHVSRQG
WR$O&X0JSDUWLFOHV,QVRPHDUHDVWKHUHJLRQVYLVLEOHLQWKHWRSRJUDSK\PDSDUHDVVRFLDWHGZLWKLQWHUPHWDOOLFSDUWLFOHV7KHVH
LQWHUPHWDOOLF SDUWLFOHV FDQ EH REVHUYHG SURWUXGLQJ VOLJKWO\ IURP WKH VXUIDFH EHFDXVH RI WKHLU KLJKHU
KDUGQHVVDQGWKHUHIRUHKDYHDORZHUSROLVKLQJUDWHLQFRPSDULVRQWRWKH$OPDWUL[
,QWKHSRWHQWLDOPDSEULJKWUHJLRQVDUHDVVRFLDWHGZLWKLQWHUPHWDOOLFSDUWLFOHVDOOLQWHUPHWDOOLFSDUWLFOHV
H[KLELW D 9ROWD SRWHQWLDO KLJKHU WKDQ WKH PDWUL[ 7KH $O&X0Q)H SDUWLFOHV DUH EULJKWHU WKDQ WKH
$O&X0JSDUWLFOHVRQWKHSRWHQWLDOPDSDQGWKXVKDYHDKLJKHUSRWHQWLDO
,W VKRXOG EH QRWHG WKDW WKH VHQVH RI WKH VFDOH RI WKH SRWHQWLDO VXUIDFH .)0 LPDJH VKRZQ GRHV QRW
FRUUHVSRQG WR WKDW RI WKH VFDOH RI SRWHQWLDO FRUURVLRQ SDUWLFOHV LW LV UHYHUVHG; D QHJDWLYH FRQWUDVW
FRUUHVSRQGVWRWKHQREOHUSKDVH
 2QWKHRWKHUKDQGLWVKRXOGEHQRWHGWKDWWKHSRWHQWLDORIFRDUVHLQWHUPHWDOOLFSDUWLFOHVZDVGHILQHGE\




REVHUYDWLRQVZHUHSHUIRUPHG7KH.)0SRWHQWLDO YDOXHV IRUHDFK W\SHRI FRDUVH LQWHUPHWDOOLFSDUWLFOHV
ZHUH VLJQLILFDQWO\ VFDWWHUHG:HQRWHDJUHDWGLVSHUVLRQRI WKH.)0SRWHQWLDOYDOXHV WKHYDOXHVYDULHV
IURPWRP9IRU$O&X0JSDUWLFOHVDQGIURPWRP9IRU$O&X0Q)HSDUWLFOHV
7KLVGLVSHUVLRQRIWKH.)0SRWHQWLDORIWKHFRDUVHLQWHUPHWDOOLFSDUWLFOHVFRXOGEHLQIOXHQFHGE\GLIIHUHQW
SDUDPHWHUV ,Q WKH OLWHUDWXUH DUH UHPLQLVFHQW RI WKH HQYLURQPHQWDO FRQGLWLRQV RI IRUPDWLRQ
WKHR[LGHOD\HUDQGGLIIHUHQFHVLQWKHWKLFNQHVVRIWKHR[LGHOD\HU>@WKHPHDQVRISUHSDUDWLRQRIWKH
VXUIDFH >@ ,Q RUGHU WR OLPLW WKH LQIOXHQFH RI WKH R[LGH ILOP WKH.)0 REVHUYDWLRQV ZHUH SHUIRUPHG
LPPHGLDWHO\DIWHUSROLVKLQJ
7KLVVWDWLVWLFDODQDO\VLVDOORZVXV WRFDOFXODWHDVWDWLVWLFDOYDOXHIRUWKH.)0SRWHQWLDOIRUHDFK W\SHRI
FRDUVH LQWHUPHWDOOLF SDUWLFOHV DV D IXQFWLRQ RI WKH WUHDWPHQW WHPSHUDWXUH )LJXUH  SUHVHQWV WKH

























7KH DYHUDJH YDOXHV RI WKH FKHPLFDO FRPSRVLWLRQ GHWHUPLQHG E\ ('6 DQDO\VLV EHIRUH LPPHUVLRQ DUH






























































SRWHQWLDO IRU HDFK W\SH RI SDUWLFOHV GHSHQGLQJ RQ WKH RYHUDJHLQJ WHPSHUDWXUH 7KH GLVSHUVLRQ RI WKH






$IWHU FRUURVLRQ H[SHULPHQWV ('6 DQDO\VHV ZHUH SHUIRUPHG RQ DOO SDUWLFOHV IRU ZKLFK $)0.)0
PHDVXUHPHQWVKDGEHHQFDUULHGRXW7KHUHVXOWVVXJJHVWFKDQJHVLQWKHFKHPLFDOFRPSRVLWLRQRISDUWLFOHV
DQGHVSHFLDOO\LQWKHFDVHRI$O&X0JSDUWLFOHV7KXVDOXPLQXPDQGPDJQHVLXPFRQWHQWGHFUHDVHVDQGWKHFRSSHUFRQWHQWLQFUHDVHV2QWKHRWKHUKDQGWKHUHVXOWVVKRZWKHSUHVHQFHRIR[\JHQ:HFDQQRWH
WKDWFKDQJLQJ LQFKHPLFDOFRPSRVLWLRQRI WKH$O&X0JSDUWLFOHFRUUHVSRQGV WRDGHFUHDVHRI WKH.)0
SRWHQWLDO
,Q WDEOH  DQG  DUH SUHVHQWHG WKH FKHPLFDO FRPSRVLWLRQ RI WKH$O&X0J SDUWLFOHV DQG$O&X0Q)H
SDUWLFOHVDIWHUPLQRILPPHUVLRQ$PDMRUFKDQJHRIFKHPLFDOFRPSRVLWLRQDIWHUFRUURVLRQLVQRWHGIRU





















































)LJXUH  UHSUHVHQWV DQ ('6PDS IRU WKH $O&X0J SDUWLFOHV 7KHVH PDSV LQGLFDWHG &X HQULFKPHQW DW$O&X0J SDUWLFOHV DQG GHSOHWLRQ RI $O DQG0J IURP WKHVH SDUWLFOHV $OVR R[\JHQ LV SUHVHQW RQ WKHVXUIDFHRIWKHSDUWLFOHV

    
)LJXUH;UD\PDSVIURPDUHJLRQFRUUHVSRQGLQJZLWKWKDWVKRZQLQILJLQGLFDWLQJ$ODQG0J
GHSOHWLRQIURP$O&X0JSDUWLFOHVDE&XHQULFKPHQWDW$O&X0JSDUWLFOHVFSUHVHQFHRIR[\JHQG
$ FRUUHODWLRQ EHWZHHQ WKH .)0 SRWHQWLDO YDOXHV DQG WKH FRUURVLRQ EHKDYLRU RI FRDUVH LQWHUPHWDOOLF










7 7 7 7 7 7
&RUURVLRQ
UDWH






%HIRUHLPPHUVLRQWHVWWKH$)0.)0SRWHQWLDOYDOXHVRIWKH$O&X0JSDUWLFOHVLVFORVHWRP9DQG P9 IRU WKH $O&X0Q)H SDUWLFOHV 7KH RYHUDJHLQJ WHPSHUDWXUH KDV D ORZ LQIOXHQFH RQ WKH
$)0.)0SRWHQWLDOYDOXHV
$IWHU LPPHUVLRQ WHVW WKH $O&X0J SDUWLFOHV DUH DIIHFWHG E\ WKH FRUURVLRQ SKHQRPHQD ZKLOH WKH$O&X0Q)H SDUWLFOHV DUH OHVV DIIHFWHG 7KH $)0.)0 SRWHQWLDO YDOXHV LV FORVH WR  P9 IRU
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